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Introduction
To uncover the eect of migration on regional income growth and further on cohesion, one needs to account for the interdependency of income levels and migration. Acknowledging spatial interaction between regions due to endogenous migration of workers calls for a re-assessment of European regional convergence. Indeed, the spatial system estimates presented here support neoclassical models predicting that, in absence of brain drain, migration promotes convergence in income per capita, caused by increasing capital-labour ratios in lagging regions due to emigration of workers to richer regions (Barro and Sala-i-Martin, 1991 .
There is no general concurrence on the relationship between economic growth, migration, and convergence. As Barro and Sala-i Martin (2004, p.492) write: "We found... that the migration of workers with low human capital from poor to rich economies tended to speed up the convergence of per capita income and product." This nding implies that, inter alia, migration changes the (relative) productivity of countries or regions. If migration transfers workers with low human capital to richer regions, convergence gains momentum. Conversely, if the migration process were to transfer workers with high human capital to richer countries, divergence would be elevated. These phenomena are labelled brain gain and brain drain 1 .
For migration to speed up cohesion, migrants should not possess much higher human capital than natives. If they did, a substantial surplus to compensate the negative eect of migration on capital intensity would be necessary. Without selfselecting to migrate, the assumption of lower average human capital may hold if two regions encounter substantial dierences regarding the level of human capital per capita of their respective natives, where the net receiving region enjoys higher human capital per capita (see, for example, Dolado, Goria, and Ichino (1994) ; Faini (1996) ; Barro and Sala-i Martin (2004) ; Sun, Hong, and Li (2010) ). From a European perspective, around 85% of all interregional movements take place within a country (Dijkstra and Gáková, 2008) . Thus, in a regional context, it is arguably hard to hold on to such dierences. It appears that the assumption of migrants bearing lower human capital is traditionally linked to migration ows between countries. On this issue, Pekkala and Tervo (2002) , investigating Finnish census data, report two important ndings. Firstly, migration is subject to self-selection, and secondly, migrants appear more "employable" than natives. Borjas, Bronars, and Trejo (1992) nd that within the US, migrants in 1986 had a three percent higher educational attainment on average than non-movers, similar to Shioji (2001) . Dolado et al. (1994) report that international migrants only bear around 80% of human capital compared to natives.
The aim of this paper is to investigate the eect of migration in the context of regional convergence across Europe. While this subject is not new, we oer some new perspectives suggesting a system approach to identify the impact of migration on regional income convergence.
A number of studies on regional development that include migration do not tackle endogeneity, like Rodríguez-Pose and Vilalta-Bufí (2005) or Soto and Torche (2004) 2 . In the same manner as, for example, Barro, Sala-i Martin, Blanchard, and Hall (1991) , Barro and Sala-i Martin (1992) , or Krdar and Saraco §lu (2008) , we account for this problem via including a migration function.
However, as is shown in section 2, migration already enters in the model, rather than being treated as endogenous at the econometric stage. Through migration, the model allows for interaction between neighbours. We employ a feasible generalized spatial 3 stage least squares (FGS3SLS) estimator, as developed in Kelejian and Prucha (2004) , based on a complete dataset of 270 adjacent European NUTS 2 regions from 2004 to 2010. Understanding the mechanism of migration and its eect on growth appears as a cornerstone of migration policies and economic development.
The structure of this investigation is as follows. In next section 2, the theoretical foundations are built up using a spatial Solow model. Section 3 shortly covers the estimation technique that is applied to the data, and the subsequent sections 4 and 5 deal with the estimation results, the interpretation thereof and convergence, and some robustness checks. Finally, the main conclusions are presented.
Spatial net migration in a Solow model
The spatial Solow growth model is based on a constant returns to scale production function with labour, physical and human capital as inputs (Dolado et al., 1994) . Formally, the production function of region i writes
with Y i as output, K i as aggregate capital and L i as labour. A i denotes the state of labour augmenting technological progress that, similar to McQuinn and Whelan (2007) , exhibits a common deterministic growth rate x. Following Dolado et al. (1994) , we introduce K i as broad composite of human (H) and physical capital (C) with Cobb-Douglas form
Additionally, we also assume that α + β = 1. Initial dierences in technology across regions are captured by initial conditions A i0 . Dening y i as the log of regional GDP per eciency unit of labour as well as c i and h i as the logs physical and human capital per eciency unit of labour allow rewriting the regional production function in intensive form.
To derive an empirical specication of spatial income convergence that accounts for labour mobility among regions, Sala-i-Martin (1992, 2004) , Braun (1993) , Dolado et al. (1994) and Sun et al. (2010) augment the Solow model and postulate a net migration function. Population growth in a specic region is composed of the natural population growth rate n and the net migration rate. In reduced form, a region's net migration rate depends positively on the dierence between a region's own income per worker and the (spatially) weighted average income per worker of the other regions. However, at a given income dierential between any two regions, the migration ows are smaller the larger the costs of migration. The distance between two regions is used as the main indicator of these costs.
In microeconomic models, the migration decision is typically modelled to depend on dierences in wage and employment outlooks. Molho (2001) presents an intuitive model, where emigration and immigration are allowed to occur simultaneously within regions due to random wage oers. The binary decision of an agent to emigrate is armative if the expected utility of moving is larger than the utility of not moving net of some migration cost. Migration functions may also be based on a 2 region overlapping generations framework, where the share of people born in one region and moving to another is proportional to the wage or income dierential (Faini, Galli, Gennari, and Rossi, 1997) . Thus, the propensity to emigrate is modelled to be dependent on dierences in the wage level, migration costs, and other determinants of utility such as amenities (Piras, 2010) . Since the migration decision is based on the comparison of locations, relative values may be more relevant than absolute values.
Formally, the net migration rate is given as
m with M dened as the account of emigrating and immigrating workers as a share of the labour force. Denoting L H as the number of natives in a region, the total labour force in a region is given as L = L H + L M . Assuming that the share of migrants,
and that the natural population growth rate 3 is constant and given as n =
, the population growth in a region can approximately be written as (Appendix 1):
Applicable to many regions, the income dierential in region i may be specied µ * , is assumed to be zero, implying a constant steady state population growth rate n. Away from the steady state, a region's net migration rate is hypothesized to increase with higher income per worker (y i ) and larger supply of amenities (u i ), which both might be measured relative to the corresponding spatial average. To summarize, the net migration function writes
Equation (5) demands the use of a symmetric spatial weight matrix in order to guarantee that the sum of net migration ows is zero at any point in time. Formally, the term
is only zero if w ij = w ji , so that W is symmetric.
To establish the law of motion of income per ecient worker, the spatial Solow model assumes that net investment is proportional to output due to the constant savings rate s i . Thus, in terms of composite capital per eciency unit of labour, k i , and accounting for human capital brought by migrants, net investment at time t equals (Appendix 2)
where d denotes the generalized depreciation rate x + n + ϑ, with x as technological progress, n fertility net of mortality, and ϑ the depreciation rate of the composite capital. Dolado et al. (1994) refer to the parameter δ = (1−βε h ) as the "weighted immigrants' human capital" or "the aggregate immigrants' capital" relative to natives. Thereby, ε h is the amount of human capital brought to a region by an immigrant relative to the human capital of a native representative agent. This formulation implies that both a high share of human capital in production, β, and a large amount of human capital brought in by migrants relative to natives, ε h , dampen the impact of net migration on growth in GDP per capita that is induced by its contribution to population growth. Since net migration is zero in the steady state, we establish the log steady state value of output per ecient worker using (3) and (6):
where θ is a vector with typical element ln(d/s i ).
To obtain a convergence equation that can be estimated empirically, we approximate the law of motion linearly around the steady state. In matrix form one gets
where ι is a vector of ones of size n.
Appendix 3 shows that convergence will occur as long as ϕ 1 + δκ d < 1; then the (social) marginal return of capital is decreasing and the neoclassical convergence property dominates despite the spatial externalities. The inequality also implies that a combination of high sensitivity to migrate and high 'weighted immigrants' human capital' can cause the system to be unstable, whereas a high depreciation rate naturally counters such a tendency. In other words, cases in which high humancapital agents can migrate at too low cost might lead to divergence and corner solutions.
Following Lee, Pesaran, and Smith (1997) , initial income per capita y 0 enters endogenously, adding a third equation to the system. Hence, the nal structure of the model requires the estimation of a triangular system of three equations. In the convergence equation, referring to the evolution of real income per worker, there are two endogenous variables, net migration and initial income; the second equation explains net migration rates by initial income per capita and a set of exogenous variables; lastly, initial income is estimated by purely exogenous variables.
Econometric Specication Lahiri and Schmidt (1978) recommend applying FIML or 3SLS for the estimation of a triangular system with cross-equation correlation, manifesting itself in the form of a non-diagonal variance-covariance matrix Σ of the disturbances of the system. For the estimation of systems such as the one outlined above, Kelejian and Prucha (2004) propose a feasible generalized spatial three stage least squares (FGS3SLS) estimator, which can additionally correct for spatial correlation.
In its general form, the system to be estimated may be written as (in concordance with Kelejian and Prucha (2004) )
where M and U are the n × 3 matrices containing the endogenous variables and the disturbances with elements m q,i and u q,i , where column q = [1, 2, 3] refers to the corresponding equation, respectively. X denotes the n × K matrix comprising blocks of all exogenous variables. The n × 3 matrix M contains spatially lagged endogenous variables, and in the present case is given as [0, 0, Wy 0 ]. B, Γ, and Λ are the corresponding coecient matrices. Spatial and equation-wise error correlations are captured in U and E. The 3 × 3 diagonal matrix, R, includes the spatial cor-relation parameters of the disturbances, while Σ denotes the observation-wise error correlation so that E [EE ] = (Σ ⊗ I n ). Equations (10) and (11) indicate that is not necessary to constrain endogenous variables and error terms to the same spatial processes.
In the inverse distance matrix W, weights are dened as
and zero else, where r ij is the distance between the centroids of two regions measured in km and r * is some threshold distance. As shown above in equation (9), rownormalizing is not feasible, as it perturbs the symmetry of a matrix. The decay parameter τ determines the pace at which weights decline. Let the distance of two regions to a third region be r 1 and r 2 = kr 1 . Then, the weight of the second region is given as k τ times the weight of the rst. Imputing a threshold implies that regions further away from region i than r * do not directly interact with each other, from which we refrain in the estimation. At the NUTS 2 level, some relatively small regions, for example Brussels, have very close neighbouring regions. Thus, W might exhibit potentially very large row sums, which may distort the maximum row sum normalized weights, especially at large values of τ , in turn indicating a fast spatial decay. For example, at τ = 1.1, the mean row sum is approximately 0.5, while at τ ≈ 2 it is only one tenth. Therefore τ is restricted to values around unity. 4 To get the optimal value of the decay parameter, a grid search nds the best-tting specication using McElroy's system R 2 (McElroy, 1977) . In the queen-contiguity case, τ = 0 and r ij = 1 if two regions share a common border and zero otherwise. In order not to induce serial correlation, the errors are assumed to correlate spatially only via contiguity. Kelejian and Prucha (2010) show that the parameter spaces for Λ and similarly R depend on the eigenvalues of W, W U , and the sample size. Maximum-row normalization constrains the parameter space of the eigenvalues to the interval (−1, 1).
The inclusion of the exogenous variables in each of the equations is based on the theoretical model of income convergence and net migration laid out above and a summary is given in Table 1 . Identication of the model is assured by fullling conditions 1 and 2 in Greene (2003, ch. 15 ). spatial relative output density, remoteness, spatial relative heating-degree days, ood anity, wildre anity, city/capital region, country xed eects initial income:
initial population density, heating-degree days, city/capital region, latitude, longitude, country xed eects
The suggested FGS3SLS estimator proceeds in three stages. The rst stage estimates the coecients of each of the q = 3 equations in the system separately using 2SLS. Thereby, the matrix of instruments contains all linearly independent exogenous variables in the system as well as the spatial lags thereof. The second stage estimates the spatial parameters, ρ q using a generalized method of moments estimator proposed by Prucha (1999, 2004) . The third stage rst applies the Cochrane-Orcutt transformation using the estimates of ρ q from the second stage. The last step is the re-estimation of the parameters of the model with these transformed data applying 3SLS. Thus, this estimator also accounts for error correlation across system equations.
Data and Estimation Results
The data comprise 270 European regions at the NUTS II level covering the period 2004 to 2010 (Source: Eurostat and Cambridge Econometrics). In order to establish a cross-section, all variables are averaged over that period.
Initial income and its growth rate are measured in terms of real gross regional product per worker. In the robustness section results for real income per employee are also presented, since, at the regional level, using the number of employees as denominator prevents possible mismeasurement caused by commuting. Lastly, netimmigration is dened as the dierence of immigrants minus emigration per one thousand natives.
In the convergence equation, secondary and tertiary education enter as exogenous variables, which are measured as the share of the population aged 25-64 with a corresponding degree. In the migration equation, initial income is calculated as spatial dierence as dened in equation (9). The exogenous variables of the migration equation include proxies for (dis)amenities including heating-degree days 5 , output density (dened as real GRP per square kilometre), and ood-and re anity. The latter two variables are categorical variables ranging from 0 to 5, where 5 is the highest anity towards oods/wildres. As mentioned in section 2, distance is used as the main indicator of immigration costs, which are approximated by remoteness dened as a region's average distance to all other regions. Similar to initial income, the heating-degree days and output density enter as spatial dierences. The reason for that is that agents are concerned with comparative rather than absolute values of income when deciding to migrate. Lastly, the initial level of real income per worker is exogenously determined by initial population density and its spatial lag, heating degree days and its spatial lag, a dummy for city regions, and country dummies.
With regard to the geographical structure, about 86% of the NUTS II region in our sample have at least three neighbours according to the queen-contiguity scheme. On average, each region has 4.7 common-border neighbours. Summary statistics of all variables are given in Appendix 4.
Given the time frame 2004 − 2010, due the Great Recession in 2009, one would expect rather slow average growth rates of income and small estimates of conver-gence speeds.The average growth rate of real income per worker in the sample is at 0.61% with standard deviation 1.83%. Nonetheless, it appears central to investigate convergence also in times of economic distress. Lastly, average net migration rates amount to 0.32% on average with a standard deviation of 0.43%., while average population growth rates are almost of the same magnitude at 0.35% and with a standard deviation of 0.61%. Table 2 shows the FGS3SLS estimation results of the baseline systems for both exogenous (model I) and endogenous (model II) initial real income per worker and suggests the following interpretation. Focusing rst on the convergence equation, we conclude that, at least in the observation period, migration is an important channel through which spillovers among regions manifest themselves in the European Union. For reasons of comparability, we also present results for a model including knowledge spillovers in the production function. As the coecient of spatially lagged real income per worker in the convergence equation in Table 5 in Appendix (6) is insignicant, there is no indication of such spillovers besides those induced by migration. However, in the migration equation, the positive coecient of spatial-relative initial income per worker suggests that, on net, migration is observed from low-to high-income regions. In combination with the negative eect of migration on average growth of real income per worker, this implies that migration indeed, on average, speeds up income convergence in Europe.
Previous results suggesting conditional convergence or positive eects of investment in human capital are also supported. Two opposing results in contrast to the vast number of similar ndings on convergence are Rodríguez-Pose and Vilalta-Bufí (2005), who nd divergence among 49 NUTS 1 regions, and Deller, Lledo, and Marcouiller (2008) , who report a positive eect of initial income in two out of three estimated models, focusing on growth eects of amenities in US counties. Further, city regions or ones that contain a capital city prove to show higher growth rates, which serves as an indicator of positive agglomeration forces.
The estimates for the migration function are in line with theory in that higher expected wages promote, whereas disamenities hinder immigration. It is also visible that both relative and absolute variables have explanatory power when it comes to migration rates. From an agent-based view, it appears natural that income and amenities are considered relative to other regions. Considering amenities, cities can be interpreted as regions with a relatively high supply thereof. As such, they can also expect higher immigration rates, as Table 2 implies.
The negative impact of output density can be interpreted as increasing propensity to commuting or, at least, increasing possibilities for workers to commute. As the neighbours' j = i output density increases, there are more attractive possibilities in surrounding areas for workers in region i, making commuting more protable. On the other hand, if region i's output density rises, it may become more aordable to move to close-by regions.
Lastly, the estimation of initial values using country xed eects and mostly purely exogenous variables proves to be accurate. Similarly, Badinger, Müller, and Tondl (2004) using a panel of European regions, argue that region specic eects allow to account for dierences in initial technology level. In the present case, the cross-section is able to capture such dierences at the country level. 
β-convergence
In a spatial system with feedbacks, each entity has a unique speed of convergence, depending on its spatial and relative position towards its neighbours. Thus, the estimated coecient of real income per worker yields only an approximation to the mean convergence speed. To acquire correct estimates for the speed of convergence and grasp the eect of migration on convergence, we measure the average direct eect of migration by n −1 tr(B), where B is interpreted as the partial derivative of migration in the reduced form of the system given in Appendix 3 (LeSage and Pace, 2008). Thus, B measures the eect of initial income both directly and indirectly through the migration channel:
At heterogeneous initial gaps 6 , which we assume here, the eect of region j on region i depends on the relative proximity to the steady state. In this case, one region's eect on the convergence speed of another region is positive if (i) both regions are below the steady state with the former one further away, (ii) both regions are above the steady state with the former one closer, or (iii) the former region is below the steady state and the latter one above. Thus, the composition of neighbouring regions might have signicant eects on convergence rates.
As expected, the results show mean convergence speeds lower than the metaanalytic 2.7% (see Ozgen et al., 2010) . 7 Maria Abreu, de Groot, and Florax (2005) , conducting a meta-analysis on a large-scale dataset and without explicitly considering studies dealing with migration, nd support for the 'legendary' 2%, though with sizeable heterogeneity. On average, the direct eect of the full model amounts to a speed of convergence of 1.58%. Without migration, where the second term in equation (13) is set nil, the average direct eect is at 1.27%. Thus, migration increases the average speed of convergence by almost one quarter.
A similar way to measure the speed of convergence, similar to Pfaermayr (2012) , may be dened as
Migration might cause regions to drift o the steady state in the short term. For example, regions Limburg (NL42) and Syddanmark (DK03) in Figure 2 show negative convergence speeds at t = 1, indicating o-drifting. At t = 50, however, they show positive average rates. 8 Therefore, mean convergence speeds should be interpreted carefully when using equation (14). Additionally, some regions may start relatively close to the steady state, further impeding the calculation of exact summary measures. For example, region Bremen (DE50) shows an initial gap of almost zero (0.0204), which increases after one year to 0.0224, a rise of almost 10%. However, it appears valuable to demonstrate the heterogeneous eects of migration on regions as in Figure 2 .
σ-convergence
To look at the eects of migration on σ-convergence, one needs to investigate the evolution of the distribution of income per worker across regions. In reduced form, income per worker may be written as
where B 1 quanties the direct and indirect eect of initial income and t denotes the combined shocks of y t and µ t . In a spatial setting, due to heterogeneous convergence speeds, every region has a specic variance. Therefore, a natural approach is to look at the average variance of income per worker at time t. Denoting the corresponding variance-covariance matrix V . , we get:
where
Inserting the estimates of the FGS3SLS estimator, σ-convergence is evident with and without migration; in the latter case, the variation of income per worker on average decreases by 1.66% per year. When allowing for migration, the decrease amounts to 2.25%, which is more than one third higher. 9 This indicates that migration indeed contributes to the convergence process of European regions.
Robustness
To check for possible mismeasurement caused by commuting, Table 4 in the Appendix 6 presents estimation results for (initial) income per employee. Most coecients remain in signs and coecients, though with slight absolute decreases. Changing the denominator from the labour force to only employed persons is mainly downscaling thereof. As a comparison of Tables 2 and 4 shows, there are only some control variables that changed signicance, for example the coecients of the share of secondary education, or ood anity. However, the main conclusion remains. Traditionally, the channel through which knowledge spillovers are assumed to occur is via wealth levels. Therefore, we include a spatially lagged income variable in the convergence equation. In fact, in the convergence equation, the spatial lag of initial income per worker is found insignicant, as shown in Table 5 in Appendix 6. In view of the spatial Solow model discussed above this nding implies that knowledge-spillovers without migration tend to be small and cannot be identied separately.
Changing spatial correlation might be a source of biased results. Nearby neigh-bours may be positively, while distant ones may be negatively spatially correlated (Fischer and Getis, 2009, p.205) . Therefore, positive spillovers may be detected only at rather small radii, and appear insignicant when taking all neighbours into account. However, dierent cut-o radii appear to have no eect worth mentioning.
As an example, Table 6 reports the system results for a cut-o radius of 1000 km. 10 Similarly, the speed of convergence is essentially independent of the exact specication of the weight matrix. Lastly, also the inuence of the decay parameter proves to be minor. Table 7 shows that coecients and t-values are practically resistant to changes in τ ∈ [0.4, 1.4]. With steps of 0.01, the system is re-estimated 101 times. To conclude, the estimation results prove to be stable against changes in the spatial weight matrix, the measurement of the dependent variable, and the inclusion of spatially lagged real income per worker.
Conclusion
This paper examines the impact of migration on income growth among European NUTS 2 regions and nds a positive eect on cohesion within the European Union. As the results of this empirical investigation show, migrants, not initial income/technology levels appear as the main channel through which spillovers manifest themselves, even when controlling for knowledge spillovers in the production function in the form of initial income per worker. Considering the time frame of the data (2004) (2005) (2006) (2007) (2008) (2009) (2010) , the slow convergence rates of about 1.6% do not appear contradictory to earlier results that show higher estimates. Rather, they show that convergence is also prevalent in periods of economic distress.
Due to endogeneity of migration rates and initial income levels, and the spatial interdependence between regions, a feasible generalized spatial three stage least squares estimator is applied. Instead of a priori assuming a specic weight matrix, theoretical foundations dene the structure, and a grid search nds parameters of spatial weight matrices that t the data best. The optimal decay parameter for migration proves to be smaller than one, indicating decreasing costs to distance. The results also suggest an increasing propensity to commute to dense regions in terms of output, indicating the trend towards suburbanization.
Migration benets cohesion in terms of reduced variation of steady state gaps by elevating growth rates of poorer regions relative to richer ones. Such movements may also empower eciency gains due to an increased capital-labour ratio in lagging regions, which translates in higher mean convergence speeds in a free movement scenario. Thus, migration has an important role to play in cohesion policies, in that enabling workers to move freely levels the playing eld of per-worker income. Migration eectively increases σ-convergence by more than one third compared to a no-migration scenario.
Notes
1 See Commander, Kangasniemi, and Winters (2004) for a review on this topic. 2 See Ozgen, Nijkamp, and Poot (2010) for a concise review on empirical research on (internal) migration and convergence.
3 Immigration from outside of Europe remains unobserved and is taken as a part of natural population growth.
4 τ is bounded away from 0, since a decay parameter close to zero degenerates W to a matrix of o-diagonal constants w ij = 1 n−1 . This implies complete insensitivity with respect to distance, as lim τ →0,n→∞ (W · x) = x for some variable x, (Kelejian, Prucha, and Yuzefovich, 2006) . 5 Heating-degree days are dened as "(18 − T min ) · days if T min is lower than or equal to 15 degrees" (Eurostat).
6 Initial gaps are calculated using each region's (conditional) steady state: Shortly,
where x i,1 γ 1 is the predicted per worker income growth rate using only (exogenous) conditioning variables, and β 1,y0 is the coecient of initial income per worker.('1' denotes the rst equation of the system -the convergence equation) Note that in this specication, a positive gap indicates that a region is below its steady state. 7 Note that Ozgen et al. (2010) only look at studies investigating net-internal migration. 8 16 Regions exhibited such behaviour, of which each starts relatively close to the steady state. All regions make way for the steady state at approximately t = 60.
9 Similar to the calculation of convergence speeds, the case without migration is simply achieved by setting the coecient of migration, δϕ, nil.
10 The robustness checks included all possible distance bands.
1 Population growth
Capital is interpreted in a broad sense as
Equal marginal returns allow expressing human and physical capital as shares of aggregate capital:
The laws of motion of h i and c i may thus be formulated as
where d denotes the generalized depretiation rate x + n + ϑ. In terms of broad capital, one gets
The linear approximation around the steady state is given in matrix form as
The system describing equations (8) and (9) may be compactly written as
Observe that
Note that the solution implies that the two equations of the system can be interpreted separately. From the model, apply
The solution of the rst row writes
Lyapunov stability is assured by negative eigenvalues of B (Tu, 1994) . The Gershgorin circle theorem allows an approximation of the eigenvalues of a square matrix by building a disc around the diagonal value with a radius equal to the absolute row or column sum of the corresponding non-diagonal entries. For the spatial weight matrix W, the maximal eigenvalue is equal to the 1-norm. Due to maximum row normalization, all eigenvalues of W are less than or equal to 1. Further, note that the Gershgorin theorem implies positive deniteness of (diag(W · ι) − W), i.e. strictly positive eigenvalues in the range (0, 2). Note
Since the weight matrix is symmetric and Σ is diagonal, we can use W = PΛP −1 and
The theoretical maximum eigenvalue of B is achieved at λ i,W = 1 and λ i,Σ = 0. Consequently, stability is assured by:
4 Summary Statistics Table 7 : Summary of estimated coecients and t-values over the search window of the decay parameter.
